The ectopic cells exhibited higher tdTomato fluorescence intensity, consistent with the severe developmental defects that were associated with higher levels of ShRNA expression.
Kolmogorov-Smirnov test, *p<0,05. n= 98 cells in total for each group from 3 different brains. 
Supplemental Experimental Procedures:

Generation of Constructs
ShRNAs. ShRNA#1 was designed against the sequence encoding the C domain of SynIII, according to (Elbashir et al., 2001) . ShRNA#2 SynIIIa. pEGFP-C3-SynIIIa (gift from H.T. Kao) was digested, and the DNA fragment containing SynIIIa was cloned into the pCAGGs-IRES-tdTomato vector.
The obtained pCAGGs-SynIIIa-IRES-tdTomato construct was used as a template in site-directed mutagenesis for the generation of the ShRNA-insensitive pCAGGs-rSynIIIa-IRES-tdTomato (rSynIII) construct. The mutagenesis protocols were performed with QuickChange lightning mutagenesis kit (Stratagene).
Silent mutations: (477C>T; 480C>T; 483T>C; 484C>T).
Silent mutations were generated in the targeting sequence of ShRNA#1 (470-490) 5'-AACCTGACTTCATTCTGGTTA-3' with the following primers:
SynIII phosphomutants: S404A rSynIII and S404D rSynIII.
pCAGGs-rSynIIIa-IRES-tdTomato was used as a template for the generation of CDK5 phosphorylation site mutants. The non-phosphorylatable mutant (pCAGGs-SynIIIaS404A-IRES-tdTomato) was generated with the following primers:
This design allowed the replacement of the TCC codon encoding for Ser with the GCC codon encoding for Ala.
The pseudo-phosphorylated mutant (pCAGGs-SynIIIaS404D-IRES-tdTomato) was generated with the following primers:
This design allowed the replacement of the TCC codon encoding for Ser with the GAC codon encoding for Asp.
To generate constructs for immunoprecipitation experiments, SynIII and its mutants were tagged at the amino terminal with 3XFLAG. pCAGGs-SynIII-IREStdTomato was digested, and the SynIII-containing fragment was cloned into the N-terminal p3XFLAG-CMV vector (Sigma). pEGFP-C1-SynIa (gift from H.T. Kao) was digested, and the DNA fragment containing SynIa was cloned into the pCAGGs-mCherry vector (gift from A. Contestabile). All of the constructs were verified by sequencing. All of the enzymes were purchased by Promega Corporation, if not otherwise indicated.
COS7 Transfection
The day before transfection, 3.8 x 10 5 COS7 cells were plated on 6-cm plates.
The medium was replaced with fresh medium 1 h before transfection. COS7 cells were co-transfected with 1.5 g of SynIII cDNA and 3 g of empty vector, ShRNAscr, ShRNA#1 or ShRNA#2 using Fugene 6 (Roche). For the in vitro phosphorylation assays, 6 x 10 5 COS7 cells were plated on 10-cm plates for 24 h and then and transfected with 2 g of either FLAG-SynIIIa WT, FLAG-SynIIIa S404A cDNA or empty vector using Effectene (Qiagen). The cells were incubated at 37°C in a 5% CO 2 humidified atmosphere for 48 h and then processed for WB.
Neuronal Nucleofection and Immunofluorescence
Before plating, 4x10 
Western Blotting
The cells were lysed in lysis buffer (1% SDS, 1 mM EDTA, 10 mM HEPES, pH 7.4) supplemented with 1 mM PMSF, 10 mM NaF, complete mini EDTA-free protease inhibitor cocktail (Roche), phosphatase inhibitor cocktails (P0044, P5726; Sigma) and clarified by centrifugation (10 min at 20,000 x g). Rat cortices were lysed in lysis buffer (2% SDS, 2 mM EDTA, 10 mM HEPES, pH 7.4, 150 mM NaCl) supplemented with TissueLyserII (QIAGEN) by agitation with metallic beads. The lysates were boiled for 10 min, sonicated and clarified by centrifugation (15 min at 20,000 x g). The protein concentration of the samples was estimated using the BCA assay (Pierce). Equivalent amounts of protein were subjected to electrophoresis on 10% polyacrylamide NuPAGE precast gels The anti-PSer404-SynIII antibody was a custom-made phospho-specific antibody generated by injecting a synthesized phosphorylated peptide into rabbits and double affinity-purification of the immune serum on dephospho-and phosphopeptide columns. The membranes were washed and incubated for 1 h at room temperature with peroxidase-conjugated anti-rabbit antibodies (1:5000; BioRad).
The bands were revealed with SuperSignal West Pico chemiluminescent substrate (Pierce). Fluorograms were digitally scanned using an Epson V750 Pro Scanner (Seiko Epson Corporation), and band optical density (OD) was quantified using ImageJ software (RSB).
Co-Immunoprecipitation of SynIII-CDK5
Primary cultures of cortical neurons at 4 DIV were lysed in lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100) supplemented with 1 mM PMSF and 10 mg/ml Pepstatin and clarified by centrifugation (10 min at 16,000 x g, 4°C). Equivalent amounts of cell extracts were incubated for 3 h at 4°C with either the RU486 anti-SynIII polyclonal antibody (10 g/sample) or the anti-CDK5 monoclonal antibody (10 g/sample; Millipore), which were precoupled with protein A and protein G Sepharose, respectively (25 l of settled prewashed beads), or with Ctrl IgG. After extensive washing of the beads, the sedimented immunocomplexes were subjected to SDS-PAGE and WB with antiSynIII (1:1000) and anti-CDK5 (1:1000) antibodies. 
Immunoprecipitation and in Vitro
IUE
Briefly, E17 timed-pregnant Sprague-Dawley rats were anesthetized with isoflurane (induction, 3.5%; surgery, 2.5%), and the uterine horns were exposed by laparotomy. The day of confirmation of vaginal plug was defined as E0, and the day of birth was defined as P0. The DNA (0.15-1.5 µg/µl in water) together with the dye Fast Green (0.3 mg/ml; Sigma) was injected (5-6 µl) through the uterine wall into one of the lateral ventricles of each embryo using a 30G needle (Pic indolor). The embryo's head was carefully held between tweezer-type circular electrodes (10 mm diameter; Nepa Gene) that were wet with PBS while held across the uterine wall. For the electroporation protocol, 5 electrical pulses (amplitude, 50 V; duration, 50 ms; intervals, 150 ms) were delivered with a square-wave electroporation generator (CUY21EDIT; Nepa Gene). After electroporation, the uterine horns were returned into the abdominal cavity, and the embryos were allowed to continue their normal development. Given that the co-electroporation of two constructs in vivo leads to their concomitant expression in the vast majority of the transfected cells, the ShRNA constructs were always co-electroporated with the pCAGGs-IRES-tdTomato or EGFP vector (Fiumelli et al., 2005; Bony et al., 2013) , which ensures both visualization of transfected cells up to 1 month after birth and balanced total plasmid mass in each electroporation.
Electrophysiology on brain slices
The rats were anesthetized with isoflurane and decapitated. Coronal slices (300 μm thickness) were cut using a Microm HM 650V microtome equipped with a 3). Current-clamp recordings were performed at a holding potential of -70 mV, and action potential firing was induced by injecting current steps of 10 pA lasting 500 ms. All of the parameters were analyzed using pClamp (Molecular Devices) and the Prism (GraphPad Software, Inc.) software.
Slice Histology and Immunostaining
E21 brains were dissected and fixed for at least 24 hours in 4% PFA in PBS. P7- antigen retrieval was performed before blocking for 10 min at 95°C with citric acid buffer (10 mM, pH 6). For γ-tubulin staining, the slices were incubated at -20°C in ice-cold methanol for 10 min before blocking and permeabilization.
Immunostaining was detected using Alexa 488 or Alexa 647 fluorescent secondary antibodies (Invitrogen) diluted 1:600 in PBS containing 0.3% Triton X-100, 5% NGS and 0.1% BSA. The slices were counterstained with Hoechst (2,5 µg/µL; Sigma). The samples were mounted in Vectashield Mounting Medium (Vector Laboratories) and examined with confocal microscopy.
Confocal and Neurolucida Images Acquisition and Analysis
For analysis of migration at E21, images from sections that were counterstained with Hoechst were acquired using a confocal laser-scanning microscope (TCS SP5; Leica Microsystems) equipped with a 20 X immersion objective (NA 0.7).
Confocal images of one slice for each experimental animal were acquired, and Zseries of confocal images were projected as two-dimensional (2-D)
representations. To facilitate cell counting, the contrast of the images was For dendrite morphology analysis, PNs were acquired using an epifluorescence microscope with a 40X air objective (NA 0.75) and traced with Neurolucida Neuron Tracing Software (MBF Bioscience). The traces were analyzed for total length and branches with NeuronJ (Plugin for ImageJ). Sholl analysis was performed manually using a mask made of concentric circles with increasing radii (10 μm distance each) and centered on the neuronal cell body.
For axonal orientation analysis, E18 brains were electroporated with ShRNA, LCK-GFP as an axonal marker and tdTomato, as previously described (Zuccaro et al., 2014) . The brains were perfused and processed for microscopy at P7. The slices were analyzed using an epifluorescence microscope with a 40 X air objective. Cell orientation was verified through tdTomato fluorescence, axonal orientation was verified through GFP fluorescence and the axon was followed along its length as long as possible. Only cells with a clearly distinguishable axon were included in the analysis.
Mass spectrometry
Briefly, P1 rat pups were sacrificed. The cortices were dissected, put in lysis buffer (25 mM Tris pH 7.2, 137 mM NaCl, 10% glycerol, 1% Triton, 25 mM NaF, 1 mM Na3 VO4, 1 mM PMSF, 10 g/l leupeptin and 10 g/l pepstatin A) and dissociated first by pipetting up and down and then by passing the lysate through a 29 G needle. The homogenate was centrifuged at maximum speed in a and phosphorylation localization assignments were also supported by Ascore software (Beausoleil et al., 2006) .
Supplemental Results:
SynIII is expressed during cortical development in vivo
To investigate the role of SynIII in cortical development, we first addressed the expression pattern of its full-length isoform "a" (Porton et al., 1999) at various perinatal ages in rat cortices. SynIIIa was expressed at low levels at embryonic day 15 (E15), increased continuously to peak at postnatal day 7 (P7), and suddenly decreased to low levels at P16 and P35 ( Figure S1A, B) . In contrast, before P7, SynIa was present at lower levels than in the adult, while SynIIa was not expressed at detectable levels ( Figure S1A Figure S2C ). Upon SynIII KD, although we found a strong defect in neuronal migration of the PNs, a process relying on radial glial (RG) fiber integrity, there was no significant impairment in the general architecture of the nestin + RG fiber scaffold ( Figure S2D ). Notably, we did not observe a significant difference in the number of daughter cells generated by the electroporated RG progenitors ( Figure S2F ), suggesting that KD did not affect cell proliferation.
SynIII regulates the morphological maturation but not basic electrophysiological proprieties of PNs
To investigate whether SynIII KD affects neuronal morphological maturation, we analyzed dendritic development in ShRNA-electroporated and control brains ( Figure S4C ). We found that neuronal orientation influenced dendritic morphology; IN cells in the CP or in ectopic positions displayed an increased mean length of dendritic branches in comparison to controls ( Figure S4C ).
Moreover, Sholl analysis showed that misoriented PNs in the CP (HOR and IN) and UP ectopic cells displayed decreased complexity of the apical dendrite, while CP IN neurons showed decreased complexity of basal dendrites ( Figure S4D ).
We next addressed axonal development and found that regardless of their location, the majority of the ShRNA + PNs had axons with an orientation that was opposite to that of the apical dendrite. Interestingly, the majority of the cells with no defined apical dendrite (i.e., HOR PNs) displayed an axon that still pointed to the ventricle, suggesting that external factors that repel/attract the axon play a key role in axonal orientation ( Figure S4E ).
We lastly used whole-cell patch-clamp recordings to assess whether the defects caused by SynIII KD in PNs impact their basic electrophysiological proprieties. often results in the dysregulation of the protein's activity (e.g., MeCP2 overdosage in Rett Syndrome, Chao and Zoghbi, 2012) . The effect of SynIII overexpression described here could be due to the diffusion of the protein to parts of the cell where it is usually not expressed (e.g., dendrites), as our results
show. Figure 7I ).
SynIII is part of the Sema3A pathway
